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Abstract 
This work presents results of ultrasonic evaluation of mechanical properties of spheroidal cast iron manufactured under the production 
conditions of Metal-Odlew s.c. Tests were conducted on wedge casts which were used as samples for tensile tests, a map of distribution of 
longitudinal ultrasound wave velocity was determined for the cast wedges. The tensile tests were conducted and values of longitudinal 
ultrasound wave velocity were determined in the place where the sample was broken. Relations between the mechanical properties and the 
velocity of longitudinal ultrasonic wave cL were determined. 
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1. Introduction 
 
The cast iron foundry Metal-Odlew s.c. produces a wide 
range of non-alloy spheroidal cast iron castings. The increasing 
competence in the market of spheroidal cast iron castings manu-
facturers forces us to use modern quality control techniques. This 
group of techniques includes an ultrasonic method for the assess-
ment of mechanical properties (UTS, YS, Elongation) [1-11]. 
The aim of this study was to establish relations between 
mechanical properties (UTS, YS, Elongation) and ultrasonic wave 
velocity. 
 
2. Experimental conditions 
 
The tests were conducted on 19 cast iron melts of the fol-
lowing composition: 3,5-3,8% C, 2,5-2,8% Si, 0,40% Mn, max. 
0,07% P, max. 0,023% S, 0,2-0,3% Cu, max. 0,06% Cr, 0,038-
0,050% Mg. The alloy was prepared in an induction furnace PIT 
1,6. 
Spheroidization and modification of the case iron were 
conducted with the FeSiMg9 master alloy in the KOZ-Q-2Mg 
ladle with crucible top. To determine the influence of the filling 
time on the cease of spheroidization effect, and thus the change of 
graphite precipitation shape, the wedge forms were filled after 
different times of keeping the liquid alloy in the pouring ladle. 
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plates were obtained for testing the structure and ultrasonic wave 
velocities (Fig. 1). The plate surfaces were milled to have the 
opposite surface parallel. This operation was conducted to prepare 
the plates for ultrasonic tests (Fig. 2). Velocity of the longitudinal 
ultrasound wave was measured by applying the head in the points 
between point A and point B. 
 
 
 
Fig. 1 Wedge casting for testing 
 
 
 
 
Fig. 2. Diagram of measurement of the longitudinal ultrasound 
wave velocity in the plates of which the samples for ten-
sile strength tests were obtained 
 
Velocities of the longitudinal ultrasound wave were 
measured with an Echometer 1073 VS with a head 10.4/6 PB 4. 
Samples for tensile testing were made of the plates after ultrasonic 
tests. Tests of ultimate tensile strength, yield strength and elonga-
tion were conducted on UTS 250.4. 
Then, the relation was worked out a dependence for 
evaluation of UTS, YS and elongation out of the longitudinal 
ultrasound wave measurements. 
 
3. Experimental results 
 
An example distribution of the longitudinal ultrasound 
wave velocities along the plates, from A to B (fig.2) has been 
presented in Fig. 3. Figure 4 presents an example microstructure 
of plate material of which samples for the tensile tests were made.  
Results of tests of the longitudinal ultrasound wave veloc-
ity cL and the ultimate tensile strength UTS, yield strength YS and 
elongation in the area of sample breaking are presented in Table 1. 
The relation between the ultimate tensile strength UTS 
and the velocity of longitudinal ultrasonic wave cL has been pre-
sented in Figures 5. 
 
a) 
 
 
b) 
 
 
c) 
 
Fig. 3. Distribution of the ultrasonic wave velocity cL along the 
plates of which samples for tensile tests were taken:   
a) sample 1, b) sample 6, c) sample 19 
 
122 ARCHIVES OF FOUNDRY ENGINEERING Volume 9, Issue 1/2009, 121-124     a)                        b)                c) 
         
Fig. 4. Microstructure of samples after mechanical characteristics tests; a) sample 1, b) sample 6, c) sample 19. Non-etched polished sec-
tions, magn. x 200 
 
Table 1. Results of the mechanical properties (UTS, YS and 
elongation)  and longitudinal ultrasound wave velocity 
in the place where the sample was broken. 
Mechanical properties 
No.  UTS, 
MPa  YS, MPa  Elonga-
tion, % 
Longitudinal  
ultrasound wave ve-
locity cL, m/s 
1 486  312 19,4  5636 
2 490  313 18,7  5639 
3 496  318 17,9  5644 
4 504  322 16,6  5649 
5 509  327 16,3  5651 
6 510  331 16,3  5655 
7 515  334 15,8  5658 
8 519  336 15,5  5664 
9 524  337 15,2  5666 
10 530  342  15,0  5670 
11 536  347  14,8  5674 
12 542  349  14,5  5678 
13 546  352  14,4  5681 
14 551  355  14,3  5687 
15 553  359  14,0  5690 
16 559  364  13,6  5691 
17 562  374  13,3  5695 
18 567  380  13,1  5699 
19 575  390  12,5  5708 
 
 
Fig. 5. The relation between the ultimate tensile strength UTS and 
the velocity of longitudinal ultrasonic wave cL 
The expression describing the relation between the ulti-
mate tensile strength UTS and the velocity of longitudinal ultra-
sonic wave cL has the following form: 
 
UTS =  1,257cL – 6599,7,   R = 0,99   (1) 
 
The relation between the yield strength YS and the veloc-
ity of longitudinal ultrasonic wave cL has been presented in Fig-
ures 6. 
 
 
 
Fig. 6. The relation between the yield strength YS and the veloc-
ity of longitudinal ultrasonic wave cL 
 
The expression describing the relation between the yield 
strength YS and the velocity of longitudinal ultrasonic wave cL 
has the following form: 
 
YS =  1,03cL – 5483,1,   R = 0,98   (2) 
 
The relation between the elongation and the velocity of 
longitudinal ultrasonic wave cL has been presented in Figures 7. 
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Fig. 7. The relation between the elongation and the velocity of 
longitudinal ultrasonic wave cL 
 
 
The expression describing the relation between the elon-
gation and the velocity of longitudinal ultrasonic wave cL has the 
following form: 
 
% Elongation = - 0,085cL + 495,4, R= 0,97   (3) 
 
 
The results obtained are characteristic of the high values 
of the correlation coefficient, which suggests that they are useful 
for the needs of the foundry where the tests were conducted. 
Formulas (1-3) form the basis of developing nomograms 
characteristic for the Metal-Odlew foundry, which are going to be 
used in the non-destructive control of spheroidal cast iron casting 
diagnosis. An example nomogram has been presented in Fig. 8.  
 
 
 
Fig. 8. The relation between the ultimate tensile strength UTS and 
the velocity of longitudinal ultrasonic wave cL
 
 
 
 
 
4. Conclusions 
 
Tensile strength, yield strength and elongation of the 
spheroidal cast iron manufactured under the conditions at the 
Metal-Odlew s.c. foundry are in linear dependency with the longi-
tudinal ultrasound wave velocity. Increase of the tensile strength 
and yield strength are accompanied by the increase of longitudinal 
ultrasound wave velocity. The increase in elongation is accompa-
nied by the decrease of longitudinal ultrasound wave velocity. 
This dependence is characteristic of a high correlation coefficient. 
This proves that it is possible to use it in practice. 
Nomograms have been developed to assess tensile 
strength, yield strength and elongation from the longitudinal 
ultrasound wave velocity. These nomograms will be a basis for 
acceptance at the non-destructive quality control of spheroidal 
cast iron castings in the conditions at the Metal-Odlew foundry. 
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